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The invention relates to a receiver ftr receiving at least one encoded block 
signal and comprising a processor-system. 

The invention also relates to a processor-system for use in such a receiver, and 
to a method for use in such a receiver, and to a processor program product to be run via such 
a processor-system. 

Such a receiver fonns for example part of a mobile phone or forms for 
example part of a base station or a node station in a mobile telecommunication network etc. 
Said encoded block signal comprises for example a convohitional code, which is to be 
decoded by for example a Viterbi algorithm. A Viterbi algorithm is algorithmically 
equivalent to a solution to the problem of finding the shortest path through a labelled graph or 
trellis. This corresponds with maximum likelihood decoding. Said processor-system, in 
dependence of said block signal, generates branch signals defining branches of a trellis and 
generates node signals defining nodes of said trellis and generates path sign als defining paths 
in said trellis for selecting a candidate for said block signal. This selecting corresponds for 
example with choosing the candidate which gives the largest value of the 
(log)Hkelihood(ratio) function. 



A prior art receiver is known from the article ''List and Soft Output Viterbi 
20 Algorithms: Extensions and Comparisons", by Christiane Nill and Carl-Erik Sundberg, IEEE 
Transactions on Communications* Vol. 43, No. 2 / 3 / 4 / February / March / April 1995, 
pages 277-287, which discloses, in addition to the generation of branch signals defining 
branches of a trellis (in said article, branch signals are called metrics) and the generation of 
node signals defining nodes of said trellis (in said article, nodes are called states and node 
25 signals for example correspond with cumulative metrics), the generation of cost signals 
defining costs per branch (in said article, said costs correspond with A being the absolute 
difference between certain cumulative metrics or between certain cumulated metrics) and the 
generation of path signals defining paths in said trellis for creating a list of candidates tor said 
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block signal. Such a list of candidates improves the chance of finding the right candidate 
(improved decoding gain), 

The known receiver is d isadvantageous, inter alia, due to needing t o firaj the 



minimum absolute difference of a large number of absolute differences A per candidate 
for creating said list of candidates. This search is complex and time-consuming and requires 
large storage capacity. 



It is an object of the invention, inter alia, of providing a receiver as defined 

10 above which requires less storage capacity. 

Further objects of the invention, inter alia, are providing a processor-system 
for use in such a receiver, and a method for use in such a receiver, and a processor program 
product to be run via such a processor-system, which require less storage capacity. 

The receiver according to the invention for receiving at least one encoded 

15 block signal comprises a processor-system for, in dependence of said block signal, generating 
branch signals defining branches of a trellis and generating node signals ^^ft n^g nodes of 
said trellis and generating cost signals defining costs per branch and generating path signals 
defining paths in said trellis for selecting candida t es for said block signal, wherein said 
processor-system combines cost signals for series of branches and compares cumulated costs 

20 with thresholds for said selecting of candidates. 

By combining cost signals for series of branches and comparing cumulated 
costs with thresholds, compared to said prior art article, said selecting of candidates is now 
done completely differently: where in said prior art article said minimum absolute difference 
needed to be found per candidate for creating the list of candidates (by finding the Viterbi 

25 path in said trellis, a first candidate is found, and by finding farther paths in said trellis, and 
selecting a number of further paths having the lowest minimum absolute differences AmuD, 
according to the invention, while searching for said further paths, a search for a further path . 
(comprising series of branches) is made as long as the cumulated costs do not exceed and/or 
are equal to a threshold. When the costs exceed and/or are equal to a threshold, said search is 

30 stopped. As a result, a list of candidates can be found, just as in said prior art article, but 
without requiring large storage capacity (finding said minimum is done for all nodes of a 
further path, and for aU further paths, with many signals to be stored and to be processed, 
where said cumulating just involves the repeated adding of signals and storing of results). 
Further, the receiver according to the invention is less complex (finding a minimum is more 
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complex than cumulating costs and comparing cumulated costs with thresholds), and is less 
time-consuming (finding said minimum is done for all further paths found, where said 
cumulating and comparing sometimes will result in the rejection of a path before said path 
has been found completely); alternatively, when not being less time-consuming but being 
5 allowed to use the same amount of time as said prior art receiver, the receiver according to 
the invention will create a larger list, an then have an improved decoding gain. 

hi a first embodiment of the receiver according to the invention, said 
processor-system compares said cumulated costs with increasing thresholds per trellis, with 
cost signals being a function of branch signals and/or node signals. 
10 By comparing said cumulated costs with increasing thresholds per trellis, with 

cost signals being a function of branch signals and/or node signals, a first threshold will result 
in finding the smallest list, a second (increased) threshold will result in finding a larger list 
etc. This allows an optimum use of the available time and storage capacity. 

In a second embodiment of the receiver according to the invention, said 
15 processor-system combines at least some of said cost signals for series of branches by 
concatenating a first series of one or more branches and a second series of one or more 
branches having at least one node in common. 

By combining at least some of said cost signals for series of branches by 
concatenating a first series of one or more branches and a second series of one or more 
20 branches having at least one node in common, said list is found through successive 
combtnmfi. 

in a third embodiment of the receiver according to the invention, said 
processor-system generates said costs signals in a first trellis direction and combines cost 
signals in a second trellis direction, with said first trellis direction and said second trellis 
25 direction being different directions. 

' By generating said costs signals in a first trellis direction and combining cost 

signals in a second trellis direction, with said first trellis direction and said second trellis 
direction being different directions, said list is found in a very efficient way. 

fix a fourth embodiment of the receiver according to the invention, said 
30 processor-system combines said cost signals for at least three series of one or more brandies, 
with a first series of one or more branches being lexicographically smaller a second 
. series of one or more branches and with the second series of one or more branches being 
lexicographically smaller than a third series of one or more branches. 
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By combining said cost signals for at least three series of one or mote 
branches (so per series the cost signals are combined), with a first series of one or more 
branches being lexicographically smaller than a second seri es o f one or more branche s and 



with the second series of one or more branches being lexicographically smaller than a third 
5 series of one or more branches, said list is found in a most efficient way. 

In a fifth embodiment of the receiver according to the invention, said 
processor-system detects a check-sum of said candidates, with a first subpart being used for 
list redaction and with a second subpart being used for error detection. 

By detecting a check-sum of said candidate, with a first subpart being used 
10 for list reduction and with a second subpart being used for error detection, the chance that the 
right candidate is found from said list of candidates is improved and/or said list is further 
reduced. 

In a sixth embodiment of the receiver according to the invention, said 
processor-system in case of zero candidates satisfying a list reduction criterion requests a 

1? data-re-transmission or orders an audio/video-actton and in case of one candidate satisfying a 
list reduction criterion selects this candidate and in case of two or more candidates satisfying 
a list reduction criterion selects the candidate with the lowest costs, with said processor- 
system testing the selected candidate via an error detection criterion. 

By in case of zero candidates satisfying a list reduction criterion requesting a 

20 data-re-transmission or ordering an audio/video-action (audio-action and/or video-action like 
for example a conoealment-action etc.) and in case of one candidate satisfying a list reduction 
criterion selecting this candidate and in case of two or more candidates satisfying a list 
reduction criterion selecting the candidate with the lowest costs, with said processor-system 
testing the selected candidate via an error detection criterion, said list reduction and said error 

25 detection are combined most optimally. 

Embodiments of the processor-system according to the invention and of the 
method according to the invention and of the processor program product according to the 
invention correspond with the embodiments of the receiver according to the invention. 

The invention is based upon an insight, inter alia, that constructing a list 

30 through finding a minimum absolute difference per candidate (in other words by finding 
further paths in said trellis, and selecting a number of further paths having the lowest 
mWfrttTT" absolute differences Amm) is an indirect construction requiring large storage 
capacity, and is based upon a basic idea, inter alia, that said list should be constructed more 
directly. 
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The invention solves the problem, inter alia, of providing a receiver which 
requires less storage capacity, and is advantageous, inter alia, in that said direct constructing 
of said list is now more controlled (by comparing cumulated costs with thresholds). 

These and other aspects of the invention will be apparent from and elucidated 
5 with reference to the embodiments(s) described hereinafter. 

Figure 1 illustrates in block diagram form a receiver according to the invention 
comprising a pro cessor-sys ton according to the invention, and 
10 Figure 2 illustrates a trellis for clarifying processes in a receiver according to 

the invention and in a processor-system according to the invention, and for clarifying steps of 
a method according to the invention and functions of a processor program product according 
to the invention. 

The receiver 1 according to the invention shown in Figure 1 like for example a 
mobile phone or a base station or a node station in a mobile telecommunication network etc, 
comprises a processor system 2 comprising a processor 3 (including one or more processors 
and one or more memories not shown etc.) and dedicated hardware 4, Said processor 3 is 
coupled to said dedicated hardware via a data coupling 1 4 for data exchange etc. and via a 
control coupling IS for controlling purposes. An input 5 of receiver 1 is coupled to for 
example an antenna etc. not shown for receiving encoded block signals, which input 5 is 
further coupled to an input of an interface 6 for interfacing said encoded block signals like for 
example amplifying and/or demodulating and/or filtering and/or equalizing and/or bit- 
detecting encoded block signals etc. Interface 6 is coupled to said processor 3 via a control 
coupling 12 for controlling purposes. An output of interface 6 is coupled via a data coupling 
7 to an input of a buffer 8 for storing said encoded block signals. Buffer 8 is coupled to 
processor 3 via a control coupling 13 for controlling purposes and via a data coupling 14 for 
data exchange, to allow stored encoded block signals to be processed like for example to be 
decoded etc. An output of buffer 8 is coupled via a date coupling 9 to an input of an interface 
10 for interfacing said processed signals like for example demultiplexing and/or D/A- 
converting etc. Interface 10 is coupled to said processor 3 via a control coupling 16 for 
controlling purposes. An output of interface 10 is coupled to an output 11 of receiver 1, 
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winch output 1 1 is further coupled to for example a man-macfcine~interfhce or MMI etc. not 
shown. 

- ~ The4rellis48-sh^^ 

five second nodes (or states) 30-34, five third nodes (or states) 40-44 and four third nodes (or 
5 states) 50-53. Node 20 is located at time unit 0, nodes 21,30 are located at time unit 1, nodes 
22,40,31,50 are located at time unit 2, nodes 23,41,32,51 are located at time unit 3, nodes 
24*42*33,52 are located at time unit 4, nodes 25,43,34*53 are located at time unit 5, nodes 
26.44 are located at time unit 6, axtd node 27 is located at time unit 7. Brandies can be found 
between nodes 20 and 30, 20 and 21, 21 and 31, 21 and 22, 22 and 32, 22 and 23, 23 and 33, 

10 23 and 24, 24 and 34> 24 and 25, 25 and 26, 26 and 27, 23 and 40, 23 and 33, 24 and 41, 24 
and 34, 25 and 42, 26 and 43, 27 and 44, 40 and 30, 40 and 32, 41 and31, 41 and 50, 41 and 
33, 42 and 32, 42 and 51, 42 and 34, 43 and 33, 43 and 52, 44 and 34, 44 and 53, 30 and 50, 
31 and51, 32 and 52, 33 and 53, 50 and 51, 51 and 52, and 52 and 53. This is a trellis for a 
(3, 1 ,2) code with Gp) *=[ 1 + D, 1+D\ 1 + D + D 2 ]aud with an information sequence of 

15 length L- 5 and containing L+m+ 1 time units labelled from 0 to L + m (withm ^ 2 
according to this example). 

Receiver 1 and processor-system 2 function as follows. Encoded block signals 
arriving at input 5 are, after being interfaced in interface 6, stored in buffer 8. Said encoded i 
block signals comprise for example convolution^ codes, which are to be decoded by for j 

20 example a Viterbi algorithm. Processor-system 2, in dependence of each block signal, ! < 

generates branch signals defining branches of trellis 1 8 and generates node signals defining / 
nodes of said trellis IS and then generates path signals defining paths in said trellis 18 for 
selecting a c a n di da te for said block signal. So, for each block signal, a trellis is generated, 
and the Viterbi algorithm running via processor-system 2 defines a path indicating the 

25 candidate for said block signal. A Viterbi algorithm is equivalent to a solution to the problem 
of finding the shortest path through a labelled graph or trellis. This corresponds with 
maximum likelihood decoding. Said selecting of said candidate corresponds for example with 
choosing the candidate which gives the largest value of the (log)likelihood(ratio) function, •' 
As described in detail in the book "Error Control Coding" - 'TFimdamentals 

30 and Applications" by Shn Iin and Daniel J. Costello Jr. (Prentice-Hall, Inc. Englewood j 
Cliffe, New Jersey 07632, 1983, ISBN 0-13-283796-X, in particular Chapters 10 and 1 1), the / 
Viterbi algorithm begins at time unit j = m, computes the branch signals (loglikelihood 
functions) for the branches entering each node, stores the branch with the largest combination 
of branch signal and/plus node signal (the survivor), then increases j by 1, computes the 
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combinations of branch signal and/pins node signal (loglikelihood functions) for the branches 
entering each node by adding the branch signal entering that node to the node signal of the 
connecting node at the preceding time unit, stores, for each node, the path with the largest 
combination of branch signal and/plus node signal (the survivor), eliminates all other paths, 
5 then increases j again by 1 etc. aslong as j<L + m, otherwise the Viterbi algorithm is 
finished. 

The final survivor is the maximum likelihood path. However, the candidate 
found this way is the most likely candidate, but not necessarily the right candidate. To 
improve the chance that the right candidate is found, the article "List and Soft Output Viterbi 
10 Algorithms: Extensions and Comparisons", by Christiane Nill and Carl-Erik Suzxdberg (IEEE 
Transactions on Communications, VoL 43, No. 2 / 3 /4 / February /March / April 1995, 
pages 277-287) discloses, in addition to the generation of branch signals defining branches of 
a trellis (in said article, branch signals are called metrics) and the generation of node signals 
defining nodes of said trellis (in said article, nodes are called states and node signals for 
15 example correspond with cumulative metrics), the generation of cost signals defining costs 
per branch (in said article, said costs correspond with A being the absolute difference 
between certain cumulative metrics or between certain cumulated metrics) and the generation 
\ of path signals defining paths hi said trellis for selecting a list of candidates for said block 

signal. Such a list of candidates (comprising the Viterbi survivor plus some other likely 
20 candidates) improves the chance of finding the right candidate (improved decoding gain). 

In said article, Sundberg presents a List Viterbi Algorithm (LVA), that 

; successively produces the toh, i = 1,2,3, L, most likely candidate. First, the i 53 1 most 

■ likely candidate is produced, which corresponds with the Viterbi path or the mayJtrmm 
likelihood path* The second most likely path (i = 2) is then produced next by searching along 
25 \ the Viterbi path which node on the Viterbi path has a minimal absolute A. This A corresponds 
i to an excursion from the Viterbi path for which the sum of the branch signals over the 
' excursion differs minimally from the corresponding part of the Viterbi path. Next, the 
: candidate (path) for which the sum of the branch signals gives the third highest 
(log)likelelihood (sum of branch signals) value (when sorted in decreasing order) is searched 
30 tot by finding the minimum A along the paths that gave the second highest (log)likelihood 
(sum of branch signals), etc. 

So, according to said article, the minimum absolute difference of a large 
number of absolute differences A per candidate for creating said list of candidates must be 
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found. This search is complex and time-consiiiniug and requires large storage capacity, which 
can increase proportional to the number of candidates that is generated 

AccardtogJoj^^ 

signal comprises processor-system 2 for, in dependence of said block signal, 
5 - generating branch signals defining branches of a trellis, node signals defining nodes of said 
trellis, cost signals defining costs per branch, and path signals defining paths in said trellis for 
selecting candidates for said block signal, and 

- combining cost signals for series of branches and comparing cumulated costs with 
thresholds for said selecting of candidates. 

10 By combining cost signals for series of branches and comparing cumulated 

costs with thresholds, compared to said prior art article, said selecting of candidates is now 
done completely differently; while searching for said further paths, a search for a further path 
(comprising series of branches) is made as long as the cumulated costs do not exceed and/or 
are equal to a threshold When the costs exceed and/or are equal to a threshold, said search is 

15 stopped and a search for one or more yet further paths is started. As a result, a list of 

candidates can be found, just as in said prior art article, but without requiring large storage 
capacity. 

For practical purposes it is advantageous to use loglikelihood representations 
for the branch signals and node signals, so that the combinations of node signals and branch J 

20 signals computed as part of the Viterbi algorithm and the combinations of cost signals and 1 
cumulated costs according to the invention are in fact summations (which have a lower 
computational complexity than multiplications). However, to a person skilled in the art it will 
evident that it is also possible to implement the invention, and the Viterbi algorithm, by using 
likelihoods instead of loglikelihoods, so that said combinations and cumulations are in feet 

25 products. 

More in detail, according to the invention, the branch signals are branch 
metrics (e.g. sums of Euclidean distances between die branch labels and the received channel 
output values), and the node signals are what are usually called the path metrics of the nodes 
or the state metrics in the Viterbi algorithm. Furthermore, die cost signals pea: branch for 
30 example correspond with the absolute A described in said article. These A's are usually 
. computed as part of the Viterbi algorithm in the Add-Comp are-Select operations, but are not 
normally stared. According to the invention, these A's need to be stored However, the 
storage capacity required for these A's is very limited and moreover, unlike what is the case 
in paid article, this storage capacity does not increase when the typical number of candidates 
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for the encoded block signal that are to be selected is increased (e.g. to hundreds or more). 
The "typical" number of candidates is an outcome of the algorithm and not an input 
parameter. With the message symbols for example being binary symbols (for example bits), 
of all branches that enter a given node (in Fig. 2, the brandies in between node 23 and 24 and 
S in between node 41 and 24 both entering node 24), one will have the maximum sum of node 
signal (of node 41 or 24) and branch signal, which we called the surviving branch fear that 
node. In case said maximum is not unique, an arbitrary choice among the incoming branches 
is made. 

The cost per branch of a branch that is a surviving branch is defined to be zero. 

10 The cost per branch of a branch that is not a surviving branch is defined to be the A of the 
node at which the branch ends (e.g, node 24). An arbitrary path from the start node of the 
trellis (node 20) to the final node of the trellis (node 27) can be considered as a series of 
branches, and the posts of such a path is defined as the sum over all branches on that path of 
the costs per branch. The costs of a path P thus defined equal the sum over all branches of the 

15 Viteibi (maximum likelihood) path of the branch signals minus the sum over the branch 
s ignals of all brandies of the path P. Thus, the costs of a path quantify the degradation in 
(log)likelihood of that path with respect to the maximum (log)likeiihood over all paths. As a 
result, a comparison of the sum (accumulation) of costs per branch with an upper limit 
(threshold) gives direct information whether the pertaining path has a (log)lifee]jhood that is 

20 not lower than the (log)likeKhopd of the Viterbipath by more than a set limit (threshold). An 
advantage over the approach of said article is that the decision whether or not apathP is in 
the decoded list according to the invention does not depend on the 0og)likelihood of other 
paths than P, which makes the (computations in the) invention less complex. 

The set of all paths in the trellis can be ordered as a tree with the final no de o f 

25 the trellis as its root. The set of all paths for which the sum of the costs per branch are at most 
a threshold is a subtree of this tree. I£ for example in Fig. 2, the series of branches from the 
final node of the trelis (node 27), to node 44, to node 53, to node 33 has a sum of costs per 
branch which exceeds a given value of the threshold, then all paths from the final node of the 
trellis to the start node of the trellis that start with the series of branches through said nodes 

30 (nodes 27, 44, S3, 33) will also exceed said threshold because and additional branches will 
have nonnegative cost values. This way, by performing computations on just four nodes 
(nodes 27, 44, 53, 33), many paths have been eliminated, which saves many computations. 

First supporting design: The available time and storage capacity are optimally 
used by comparing said cumulated costs with increasing thresholds per trellis (with cost 
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signals being a function of branch signals and/or node signals): a first threshold trill result in 
finding the smallest list; a second (increased) threshold will result in finding a larger list, a 

thirctffurther^ in finding a fiirther-largerJist,-eto. 

With encoded block signals for example bring received at fixed time intervals, 
5 a fixed amount of processing time is available per encoded block signal to do the processing 
for the technique that is the subject of this invention. In general, the number the number of 
candidates block signals produced for a given value of the threshold is a random variable, 
that depends on the quality of the (radio) reception (more candidates at lower reception 
quality) and the like. In general, therefore also, the number of computations to be performed 

10 for a given value of the threshold is a random variable, which is, in general, a steeply 
increasing function of die threshold By starting out selecting candidates with a small 
threshold value, with high certainty, the fixed computation time suffices to complete this 
selection procedure. By successively trying larger values of the threshold until the 
computation time expires, the largest set of candidates can be selected that is feasible within 

IS the computation time available, The longer the lists that can be produced, the more candidate 
encoded block signals from which a choice can be made, fixe more chance that there will be a 
candidate free of errors. 

Second supporting design: According to a successive combining technology, a 
complete list is found/constructed with all data being available simultaneously in an efficient 

20 manner* This is done by combining at least some of said cost signals for series of branches by 
concatenating a first series of one or more branches and a second series of one or more 
branches having at least one node in common, 

The trellis is for example split into sections. Initially; there are as many 
sections as there ate stages is the trellis (in Fig. 2, the stages consists of a number of brandies 

25 in between nodes at time unit 0 and 1, 1 and 2, 2 and 3, 3 and 4, 4 and S, 5 and 6, and 6 and 
7: seven sections). For each section, a set of allowed branches along with their costs are 
stored A branch is allowed if its branch signal is at most a threshold (possibly a reduced 
threshold where the reduction depends on other knowledge that can be available from Viterbi 
processing in one or more directions). Of all nodes, the survivor branches have zero cost per / 

30 branch and are defined to be allowed. Of all nodes, branches that axe not survivor branches / 
are only allowed if the cost per branch are at most a threshold This completes the 
initialization step. Next, a pair of sections that are adjacent in time are chosen. In a preferred 
embodiment, pairs of sections with few branches, or pairs of sections for which the number 
of combinations of a branch from one section and a connecting branch from the other section 
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is small (low computational complexity) are chosen first Now, the two original sections are 
replaced by a combined section of allowed series (of length 2) of branches. Here a series of 
branches is allowed (if the branches form a connected sequence) and die accumulation of the 
cost per branch over the series is at most the (reduced) threshold 
5 This successive combinating technology continues combining two adjacent 

sections by a new section, where the order in which pairs of adjacent sections are picked is 
not merely 'Teft-to-righf 1 or * s right-to-lefF' but may be optimized on-the-fly to minimize the 
computational complexity of making the combinations and storing the sections. Another 
approach could for example be to first combine the sections at pairs of time unite (combine 

10 section of branches in between nodes at time unit 0 and 1 with those in between nodes at time 
unit 1 and 2, similarly combine those in between 2 and 3 with those in between 3 and 4, 
similarly combine those in between 4 and 5 with those in between S and 6). Next, form 
sections that contain series of up to four branches (combine section of branches in between 
nodes at time unit 0 and 2 with those in between nodes at time unit 2 and 4, similarly 

1 S combine section of branches in between nodes at time unit 4 and 6 with those in between 
nodes at time unit 6 and 7), etc* (finally combine section of branches in between nodes at 
time unit 0 and 4 with those in between nodes at time unit 4 and 7). In the end, a section 
which span? the entire trellis is obtained, which yields the set of candidates for the encoded 
block signal 

20 Third supporting design: A list can be found very efficiently by generating 

said costs signals in a first trellis direction and combining cost signals in a second trellis 
direction, with said first trellis direction and said second trellis direction being different 
directions. 

hi addition to what has been described above about paths that start with a 
25 series ofbranches from the final node of the tielis (node 27), to node 44, to node 53, to node 
33, it is assumed that the Viteibi processing and the generation of the A's proceeds from the 
start node of the trellis (node 20) to the final node offiie trellis (node 27). Thus, for example 
the A of node 33 comprises information about the processed information in the piece of the 
trellis in between time unit 0 and time unit 4. It is exactly this range of time units which 
30 considers the extensions of trellis paths that start from the final node of the trelis (node 27), to 
node 44, to node 53, to node 33. For example the A of node 33 gives information about die 
\ additional cost of proceeding with the survivor branch (e.g. to node 41) of node 33 or 

proceeding with the non-survivor branch (e.g. node 23) out of node 33. 
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Fourth supporting design: A list can be found in a most efficient way by 
combining said cost signals for at least three series of one or more branches* with a first 

seri^^^ne^r-moreiianchesbemgJexicogr^ 

more branches and with the second series of one or more branches being lexicographically 
5 smaller than a third series of one or more brandies. 

When selecting ail paths for which the sum of the costs per branch can be 
identified by what is called a backtracking procedure or depth-first tree search, less storage 
capacity is required compared to for example a breads-first tree search. A backtracking 
procedure searches through the aforementioned tree of all trellis paths that end in the fi na l 

10 node of the trellis, where trellis paths are considered to be series of branches. A backtracking 
procedure exploits the feet that, if a certain series of branches has a sum of cost signals per 
branch that exceed a set threshold, then all extensions of that series of branches to paths that 
not only start at the final node of the trellis (the root of the tree) but also end in the start node 
of the trellis, must have an accumulation (sum) of cost signals that are at least as large, and 

15 thus exceed the threshold and therefore these paths cannot be candidates for the encoded 
block signal. While a backtracking procedure also uses shorter series of branches, it needs an 
ordering of series of branches, which include paths that span the entire trellis as special oases. 
A possible ordering for backtracking is a lexicographic ordering. The name of this ordering j 
reminds of the fact that it is akin to what is used in a dictionary, According to an example a j 

20 series of branches is described starting from the final node of the trellis by a first sequence of f 
the following message bits 010001. This means among others that the second to last bit 
shifted in the encoder was a "1 M and the last bit shifted in was a "0", Another series of 
branches is represented by a second sequence of the following message bits 01010000. When 
the "0" is considered as a letter "a" in the alphabet of letters and the "1 " as a "b" in the 

25 . alphabet of letters, then the first sequence of message symbols would come before the second 
sequence of message symbols in a dictionary (because the first three letters ofboth sequences 
of message symbols are identical and the fourth letter of the second sequence of message 
symbols is situated later in the alphabet). Similarly, the sequence of message symbols 
0100010001 would come later in the lexicon than the first sequence, just because it coincides ' 

30 with the first sequence in all its positions and is longer. The property "comes later in the 
dictionary, as explained above" is equivalent to "is lexicographically larger". This way, the 
backtracking procedure first assesses the cost signal of just one branch, represented as the ! 
sequence of message symbols 0. The costs of the sequence of just one branch is either zeri or 
the Ai of the final node of the trellis, depending on whether the 0-message symbol branch of 
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the final node of the trellis is a surviving branch or not In case it is a stuviving branch and it 
has costs zero, winch is always less than any (by assumption positive) threshold. Then, the 
algorithm extends the path with a "0", which yields 00. Now suppose this second "0" is not a 
surviving branch, and has costs A 2 so that the cumulated costs up to this point are 0+A 2 =A 2 > 
5 and assume that this exceeds the threshold. Then, all paths from the final no de of the trellis 
that start with "00" cannot give candidates for the selected block signal because their costs 
will be as large as A 2 or larger. Now, the algorithm goes one bit back C^ack-tmcking"), to the 
path 0 and extends this path with a "1" (it stores that it visited the 0-extension already), which 
yields 01. Then, it computes the sum of the cost signals for these two branches, etc. In this 
10 very small example, it is already evident that the series of branches visited so far 0, 00, 01 are 
a lexicographic increasing sequence of series of branches (message symbols). 

Instead of visiting the series of branches in lexicographically increasing order, 
using a lexicographically decreasing order will allow a similar procedure as outlined above. 

In the technique that is the subject of this invention, one can achieve that the 
1 S first path that the backtracking procedure will explore is the Viterbi path, as follows. Suppose 
branches are not represented as series of message bite, as above, but as series of letters, where 
the letter "X" indicates that the branch was a surving branch, and the letter "Y" indicates that 
the branch was a not a surving branch. Then sequences of *X'Y 1 *Y 5 ' letters can be formed, 
which is used to define the ordering. The Viterbi path corresponds to the sequence of letters 
20 XXXXXXXXX...JODOC, 

which is lexicographically the smallest This path has cost zero and is "allowed", in the sense 
that it is a valid candidate for the encoded block signal, for any (by assumption positive) 
threshold. Using this lexicographic ordering a similar example can be given as above. 

In an implementation, it is not necessary to actually generate the letter "X" or 
\ 25 4S Y" etc., this is just given for explanatory reasons to describe the ordering in which series of 
y branches are searched 

* Fifth supporting design: The chance that the right candidate can be found from 

said list of candidates can be improved and/or said list can be further reduced by detecting a 
check-sum included in said candidates, with a first subpart being used for list reduction and 
30 with a second subpart being used for error detection. 

Blocks of message symbols that are encoded with an error correcting code 
such as a convolutional code can contain a check sum, for example a cyclic redundancy 
• " check (CRQ. Such a CRC is then incorporated to detect and/or correct decoding errors of die 

\ decoder of the convolutional code, e.g. a Viterbi decoder. In case the trellis based receiver 
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produces a plurality of candidates for the encoded block signal along with their costs signals, 
the probability of identifying the tight candidate in this plurality can be enhanced by 

gemmating all candi dates for which the m essage part of the path signal does not match th e 

check sum part of the path signal. When not all check sum symbols are tested for correctness 
5 to eliminate candidates (in other words to reduce the list), the remaining check sum symbols 
can be used for error detection and/or enor correction proposes as was originally intended In 
an implementation, it may be tested whether for a candidate (a number of) the check sum 
symbols match the message symbols, and in case there is no match said candidate does not 
need to be stored to save storage capacity. 

10 Sixth supporting design: Said list reduction and said error detection can be 

combined most optimally by - in case of zero candidates satisfying a list reduction criterion 
requesting a data-re-transmission or ordering an audio/video-action (audio-action and/or 
video-action like for example a concealment-action for concealing an audio signal and/or a 
video signal resulting from an incorrectly decoded or not decoded block signal etc.) and ~ in 

IS case of one candidates satisfying a list reduction criterion selecting this candidate and ~ in 
case of two or more candidates satisfying a list reduction criterion selecting the candidate 
with the lowest costs, with said processor-system testing the selected candidate via an error 
detection criterion. 

After the plurality of candidates of encoded block signals has been reduced by i 
20 eliminating block signals for which (a part of) a check sum is not satisfied, when zero ! 
candidates remain, this may provide valuable information. En case of data applications, the 
action could generally be to request a re-transmission, or to read the pertaining part again 
from for example a disk. In case of audio and/or video applications, delay constraints can 
prohibit retransmission of information, and error concealment or recovery actions are to be 
25 preferred. In case more than one candidates remains after list reduction, the probability that a 
candidate with a lower cost signal (higher (Iog)likelihood) is die right candidate is larger than 
the probability that a candidate with a higher cost signal (lower (log)likelihood) is the right * 
candidate. In an implementation, it may not only be tested whether for a candidate (a number 
of) the check sum symbols match the message symbols, and in case there is no match said , 
30 candidate does not need to be stored, to save storage capacity, but also it may be tested 
whether for that candidate the accumulation of cost signals is smaller than the smallest : 
accumulation of cost signals of any candidate observed so for, for which (part of) the 
checksum and the remainder of the message matched. 
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Said first supporting design supports/improves said combining of cost signals 
for series of branches and said comparing of cumulated costs with thresholds. Said second 
supporting design supports/improves said combining and said comparing and/or 
supports/improves said first supporting design. Said third supporting design 

5 supports/improves said combining and said comparing and/or supports/improves said first 
supporting design and/or supports/improves said second supporting design. Said fourth 
supporting design will usually support/improve said third supporting design, however, 
support/improvement for said TOmbining and said comparing and/or for said first supporting 
design and/or for said second supporting design are not to he excluded. Said fifth supporting 

10 design supports/improves said combining and said conroaring and/or supports/improves said 
first supporting design and/or supports/improves said second supporting design and/or 
supports/improves said third supporting design and/or supports/improves said fourth 
supporting design. Said sixth supporting design will usually support/improve said fifth 
supporting design. 

15 The invention can also he applied when the message symbols and/or encoded 

symbols are non-binary. Then, the trellis becomes non-binary in the sense that nodes can 
have more than two mcoming branches, For a binary trellis, when there are at most two 
incoming branches, where the Viterhi algorithm generates the sum of a node signal plus the 
branch signal, there is only one difference of these two sums (A being the absolute value of 

20 this difference). In case of a non-binary trellis, there are more than two of said sums and thus 
more than one A per node can be formed, each A being attributed to a pair of branches. For a 
given node, the Viterhi algorithm then selects the maximum of said sums of the incoming 
branches to the given node. The branch incoming to a node that has the maximum sum we 
call toe survivor branch. The costs per branch of a survivor branch incoming to some node 

25 can men be defined to be zero (as in the binary case). The costs per branch of a branch that is 
not a survivorhianoh can then be defined as the toe aforementioned A of the pair of branches 
mat is formed by the branch itself and the survivor branoh. 

The (branch) cost signals define the costs per branch. Alternatively, (node) 
cost signals defining the costs per node could he defined and used. A branch is determined by 
30 two nodes, so that the (branch) cost signals and the (node) cost signals can always be 

converted into each other. However, due to, according to the invention, the combining of cost 

\ signals and the comparing of cumulated costs with thresholds, which is done for series of 
branches, it is mare convenient to use the (branch) cost signals. 
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Instead of time writs* for example when applying the invention in storage 
applications, other axis' could be used for defining units, like for example a spatial axis. 

3^en.appIyingJhe_te — 

will correspond with a decoder. Generally, a decoder will generate decoded data, where the 
5 receiver according to the invention will generate at least partially decoded data. 

The invention is based upon an insight, inter alia, that constructing a list 
through finding a minimum absolute difference per candidate (in other words by finding 
further paths in said trellis, and selecting a number of further paths having the lowest 
minimum absolute differences Amin) is an indirect construction requiring large storage 
10 capacity, and is based upon a basic idea, inter alia, that said list should be constructed mora 
directly. 

The invention solves the problem, inter alia, of providing a receiver which 
requires less storage capacity, and is advantageous, inter alia, in (hat said direct constructing 
of said list is now more controlled (by comparing cumulated costs with thresholds). 

15 The expression "for" in for example "for receiving" and "for generating" does 

not exclude that other functions are performed as well, simultaneously or not The 
expressions "X coupled to Y" and **a coupling between X and Y" and "coupling/couples X 
and Y" etc, do not exclude that an element Z is in between X and Y. The expressions "P 
comprises Q" and "P comprising Q" etc, do not exclude that an element R is 

20 comprises/included as well. The terms **a" and '"an" do not exclude the possible presence of 
one or more pluralities. 
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CLAIMS: 



1 , Receiver for receiving at least one encoded block signal and co mprising a 

processor-system for, in dependence of said block signal, generating branch signals defining 
branches of a trellis and generating node signals defining nodes of said trellis and generating 
cost signals defining costs per branch and generating path signals defining paths in said trellis 
5 for selecting candidates for said block signal, wherein said processor-system combines cost 
signals for series of branches and compares cumulated costs with thresholds for said selecting 
of candidates. 

2 Receiver according to claim 1, wherein said processor-system compares said 

10 cumulated costs with increasing thresholds per trellis, with cost signals being a function of 
branch signals and/or node signals. 

3. Receiver according to claim 1 or 2, wherein said processor-system combines 

at least some of said cost signals for series of brandies by concatenating a first series of one 
15 or more branches and a second series of one or more branches having at least one node in 

! 

4 Receiver according to claim 1 or 2, -wherein said processor-system generates 
said costs signals in a first trellis direction and combines cost signals in a second trellis 

20 direction, with said first trellis direction and said second trellis direction being different 
directions. 

5 Receiver according to claim 4, wherein said processor-system combines said 
cost signals for at least three series of one or more branches, with a first series of one or more 

25 branches being lexicographically smaller than a second series of one or more branches and 
with the second series of one or more branches being lexicographically smaller man a third 
series of one or more branches. 
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6. Receiver according to claim 1 or 2, wherein said processor-system detects a 
check-sum of said candidates, with a first subpart being used for list reduction and with a 
secon d subpart being used for error detection. . 



5 7. Receiver according to claim 6, wherein said processor-system in case of zero 

candidates satisfying a list reduction criterion requests a datarre-transmission or orders an 
andio/video-action and in case of one candidate satisfying a list reduction criterion selects 
this candidate and in case of two or more candidates satisiying a list reduction criterion 
selects the candidate with the lowest costs, with said processor-system testing the selected 
10 candidate via an error detection criterion. 



8. Processor-system for use in a receiver for receiving at least one encoded block 

signal and comprising said processor-system for, in dependence of said block signal, 
generating branch signals defining branches of a trellis and generating node signals defining 
15 nodes of said trellis and generating cost signals defining costs per branch and generating path 
signals defining paths in said trellis for selecting candidates for said block signal, wherein 
said processor-system combines cost signals for series of branches and compares cumulated 
costs with thresholds for said selecting of candidates. 

20 9. Method for use in a receiver for receiving at least one encoded block signal 

and comprising the steps o£ in dependence of said block signal, generating branch signals 
defining branches of a trellis and generating node signals defining nodes of said trellis and 
generating cost signals defining costs per branch and generating path signals defining paths 
in said trellis for selecting candidates for said block si gnal, wherein said method comprises 

25 the steps of combining cost signals for series of branches and comparing cumulated costs 
with thresholds for said selecting of candidates. 

1 0, Processor program product to be ran via a processor-system for use in a 

receiver for receiving at least one encoded block signal and comprising said processor- 
30 system, which processor program product comprises the functions of a in dependence of said 
block signal, generating branch signal? defining branches of a trellis and generating node 
signals defining nodes of said trellis and generating cost signals defining costs per branch and 
generating path signals defining paths in said trellis for selecting candidates for said block 
signal, wherein said processor program product comprises the functions of combining cost 
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signals for series of branches and comparing cumulated costs with thresholds for said 
selecting of candidates. 
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ABSTRACT: 



Receivers (1) for receiving encoded block signals and comprising processor- 
systems (2) decode block signals by using Viterbi algorithms for finding a first 
candidate/path in a trellis (18) and by generating cost signals for finding further 
candidates/paras in said trellis (18). To reduce storage capacity, cost signals are combined for 
5 series of branches and cumulated costs are compared with thresholds. While searching for 
said further paths, a search for a further path is made in view of cumulated costs exceeding a 
threshold or not The insigh of indirectly constructing a list of candidates and the basic idea 
of more directly constructing said list brings more control. These receivers are less complex, 
and are further improved by introducing increasing thresholds per trellis and successive 
10 combining and different trellis directions for generating and cumulating cost signals and , 
combining hi a lexicographical order, and by using a check-sum for list reduction and by | 
making error detections. 

Figure 2 j 
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Fig. 2 
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